The recent discovered antiferromagnetic topological insulators in Mn-Bi-Te family with intrinsic magnetic ordering have rapidly drawn broad interest since its cleaved surface state is believed to be gapped, hosting the unprecedented axion states with half-integer quantum Hall effect. Here, however, we show unambiguously by using high-resolution angle-resolved photoemission spectroscopy that a gapless In Chern insulators, when the Fermi level is tuned into the bulk gap, the absence of timereversal symmetry ( ) allows for only one helical channel of non-dissipating, nonlocal quantum transport, yielding a quantized Hall conductivity of e 2 /h without an external field orientations from the bulk state to the surface, but also reveals the flexibility to realize different topological phases by tuning the magnetic structures.
as topological crystalline insulator and time-reversal-preserved topological insulator, by tuning the magnetic configurations.
Introduction -The realization of magnetic topological insulators (MTIs) and topological semimetals with ordered magnetic moments [1] brings about a series of exotic quantum phases such as Weyl semimetal [2, 3] , axion insulator [4] and Chern insulator [5] , promising further developments in the fields of spintronics and quantum computing.
In Chern insulators, when the Fermi level is tuned into the bulk gap, the absence of timereversal symmetry ( ) allows for only one helical channel of non-dissipating, nonlocal quantum transport, yielding a quantized Hall conductivity of e 2 /h without an external field [6] . Considered to be a promising platform for emergent phenomena such as Majorana fermion and future spintronic devices, such quantum anomalous Hall effect (QAHE) [7- 10] is one of the most important outcomes of MTIs. QAHE was first experimentally discovered in a magnetically doped topological insulator (TI) at an ultralow temperature of 30 mK [7] , below which the disordered magnetic dopants form ferromagnetic (FM) alignment. Proposals of heterostructure engineering based on magnetic insulators and TIs are expected to realize the QAHE through magnetic proximity effects with a higher temperature [11] , but are challenging in the material choice and interface fabrication.
Hence, a stoichiometric MTI with intrinsic long-range magnetic order is naturally an ideal candidate to realize high-temperature QAHE.
Discovered very recently, two members of the MnBi 2n Te 3n+1 (n = 1, 2, …) family [12] , MnBi 2 Te 4 [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] and MnBi 4 Te 7 [28, 29] , are by far the only firmly-established stoichiometric MTIs. More importantly, quantized anomalous Hall plateaus had been discovered in few-layer MnBi 2 Te 4 films at a record-high temperature of 4.5 K, albeit requiring a high field (~ 10 Tesla) to force the AFM ground state into a FM one [26, 27] , while certain thin films taken from MnBi 4 Te 7 is predicted to realize QAHE at a much lower magnetic field [30] . One basic magnetic building block of MnBi 2 Te 4 consists of one layer of MnTe sandwiched by one layer of Bi 2 Te 3 [12] [13] [14] 16] , forming a septuple layer (SL) [ Fig. 1(a) ]. In bulk MnBi 2 Te 4 the stacking between these structural units is governed by interlayer van der Waals interaction. Their magnetic moments are theoretically predicted [20, 21] , and then confirmed by neutron diffraction experiments [22] , to be ferromagnetically ordered within a Mn plane pointing along the out-of-plane z-direction but antiferromagnetically aligned between adjacent Mn sublayers [ Fig. 1(a) ].
The magnetic transition between this A-type antiferromagnetic (AFM) ground state and the paramagnetic (PM) state is found at T N ~ 25 K [13, 14, 16, 18, 19] . Interestingly, the intralayer FM with in-plane moment, and spin disorder. Our discovery of this unexpected electronic structure not only implies the complexity of the real space transition of spin orientations from the bulk state to the surface, but also reveals the flexibility to realize different topological phases by tuning the magnetic structures.
Crystal and magnetic properties of bulk MnBi2Te4 -We begin our discussion by presenting the physical properties measured on the MnBi 2 Te 4 samples used in our ARPES measurements. It is important to point out that our samples were grown by two different research groups (UCLA and SUSTech) using slightly different growth procedures, yet the transport, magnetic, and ARPES measurements reveal quantitatively the same results, each on multiple samples, signifying the reliability and repeatability of our data. Fig. 1(b) presents the single crystal x-ray diffraction data, as well as the appearance of the crystals, which agree quantitatively with those in the literature. No signal from other crystalline phases is seen. This proves that our photoemission data does not come from impurity phases.
In Figs Robust surface Dirac cone by ARPES measurements -We show in Fig. 2 In light of this behavior, we assign this gapped band to be a bulklike electronic state.
Next we study whether this Dirac state remains across the magnetic transition temperature, and whether it is robust against considerable surface perturbation. Although the band structure becomes significantly p-doped compared with the pristine one, the Dirac surface state is still visible, without any sign of gap opening. The bulk gap also keeps its size of 150 meV. The message here is that this Dirac state is as robust as those in prototypical nonmagnetic TIs like Bi 2 Se 3 [37] . Therefore, it is highly likely that this state is topologically protected by a symmetry of the crystal. For 3D magnetic-doped TIs, it is reported that the helical surface electrons can induce a FM order at the surface through RKKY interaction even when the bulk is not magnetically ordered [38] [39] [40] [41] . In MnBi 2 Te 4 , previous neutron diffraction measurements confirmed an A-type AFM spin configuration with the magnetization along the c axis [22] , which supports a massive surface Dirac cone if the bulk magnetic configuration remains at the surface [ Fig. 4(a) ]. Therefore, our results suggest that the surface-mediated spin configuration at the few top layers differs from that in the bulk state, hosting topology-protected gapless surface states which can be detected by our surface-sensitive ARPES technique. In the following we consider several possible magnetic states of the surface layers that can reconcile our observation, and calculate their corresponding total energies and surface states, as summarized in Fig. 4(b) -(d) and Table S1 in [35] .
The first type of the spin configuration is intralayer AFM, exemplified by the G-type AFM where both intralayer and interlayer alignment of magnetic moments are AFM, as shown in Fig. 4(b) . In such a magnetic configuration there exist = 1/2 symmetries along all the three lattice vectors i = a and c that correspond to two independent elements in the magnetic space group ( and are equivalent elements), leading to two Z 2 invariants in this system. Since the only band inversion occurs at the  point in G-type In comparison, when we consider A-type AFM but with in-plane magnetic moment near the surface, it only needs to overcome the magnetic anisotropy energy compared with the magnetic ground state, i.e., 0.4 meV/Mn. We begin with a special case of inplane moment, i.e, perpendicular to one mirror plane M x that is still invariant at the (0001) surface. In this case, MnBi 2 Te 4 is calculated to be a -protected AFM TI and an M xprotected AFM topological crystalline insulator (TCI) with nontrivial mirror Chern number -in other words, a dual AFM TI. This is analogous to Bi 2 Se 3 as a nonmagnetic dual TI [42] . As a result, the TCI phase gives rise to a gapless Dirac cone slightly off the  point, as shown in Fig. 4 warping term that tilts the spin out of the plane [42, 43] . However, our DFT calculation reveals that the size of the gap induced by this high-order effect is as small as ~ 0.3 meV, which is negligible within the resolution of ARPES. Hence, a general A-type AFM configuration with in-plane magnetic moment is also compatible with our observation.
Since the total energies for A-type AFM with different in-plane spin orientations are almost the same, we suggest that the surface layers of real samples probably consist of magnetic domains with different in-plane FM spin moments.
The third possibility is that the ordered spin in the bulk state show fragility at the surface layers, leading to a lower transition temperature and paramagnetic state with spin disorder. In this case the electron hopping and magnetic moment decouple with each other and symmetry restores. The total energy of such magnetic configuration lies in between the two cases discussed above, i.e., 5.7 meV/Mn compared with the ground state. Fig. 4(d) shows the gapless surface Dirac cone of nonmagnetic MnBi 2 Te 4 as an approximation of the paramagnetic state, indicating a 3D -preserved TI. A careful comparison between ARPES data and DFT calculation reveals the highest degree of consistency for the spin disorder scenario [35] , which also explains the observed almost unchanged band structure with the temperature across the transition point of 24 K, and the robustness of the surface Dirac cone against severe degradation. It would be crucial to involve experimental detections to determine the surface magnetic structure of such intrinsic magnetic TI in the future.
In summary, we demonstrate unambiguously by systematic ARPES measurements that a gapless surface Dirac cone exists experimentally in single crystal MnBi 2 Te 4 , hosting massless Dirac quasiparticles. The Dirac cone is found to be quasi-2D and stable under massive surface absorbents; the bulk and surface electronic structures show no observable change across the bulk magnetic transition temperature. Albeit not supported by the Atype AFM order in the crystal bulk, our DFT calculations reveal that this gapless state could be originated from moment re-arrangement at the sample surface. To show this, we list several possible types of surface ordering that yields a topological-protected gapless Dirac cone. Our discovery of the unexpected massless Dirac quasiparticles in an AFM TI indicates a space-varying magnetic structure more complex than previously assigned in these materials, brings about a more complete description of magnetic topological systems, and paves the way for the exploration of the interplay of massive and massless Dirac particles in a single material platform. 
ARPES measurements
ARPES measurements were performed at Beamline 9A of Hiroshima Synchrotron Radiation Center (HSRC), Hiroshima, Japan with a VG Scienta R4000 electron analyzer with a tunable synchrotron light, as well as an offline ARPES device equipped with a laser light source with a photon energy of 6.3 eV and a VG Scienta R4000 electron analyzer, also at HSRC. For synchrotron-based ARPES measurements, we used linearly polarized lights of 6-30 eV. The energy and angular resolutions were set at 15-30 meV and 0.2°, respectively. For laser ARPES, the energy and angular resolution were better than 3 meV and less than 0.05°. Samples were cleaved in-situ along the (0001) crystal plane in an ultrahigh vacuum better than 2 × 10 -11 Torr except for the one that is cleaved in air [ Fig. 3(c) ]. The Fermi level of the samples was referenced to that of a polycrystalline gold sample. A shiny mirror-like surface was obtained after cleaving, confirming its high quality. The samples are found to be stable for more than 3 days in the vacuum chamber.
Transport and magnetic measurements
Resistivity measurements were performed in a Quantum Design Physical Properties Measurement System (PPMS) by a standard six-probe technique, with a drive current of 
DFT calculations
We performed density functional theory (DFT) calculations using the projector- 
B. Systematic ARPES data on MnBi2Te4
In addition to the data presented in the main text (Figs. 2, 3 ), we performed systematic laser-and synchrotron-based ARPES on multiple samples of MnBi 2 Te 4 , revealing a complete picture of its occupied bulk and surface electronic states. In Fig. S1 we present Comparing with the k-E maps (especially the one with 6.3 eV photons), we realize that this band links smoothly to the Dirac cone surface state we emphasized throughout the paper. The fact that this band shows significant k z dispersion indicates that it hybridizes substantially with the bulk conduction band. The central circular band with medium radius at the 6.3 eV CEC, on the other hand, keeps its parabolic shape at all photon energies, comprising the upper of the two bands that form the bulk energy gap. In the main text we learned that this upper band shows little k z dispersion compared with the lower band of the gap, who exhibits a band width in the k z -E map of as much as 70 meV with a period of 2/c (c = 1.37 nm is the height of one septuple layer). The inner dark spot at Γ ̅ is seen only when the photon energy is less than 9 eV. It comes from the inner upturns of a Rashba-like split band that seemingly connects with the middle band. Be this an actual Rashba band, its Rashba factor would be quite large compared with those in known topological materials. Since this band appears only at low photon energies that covered less than a half of the Brillouin zone, its k z dispersive pattern is not shown by enough data points. Therefore, it is not sure whether it comes from the crystal bulk.
It is also informative to study the corresponding k x -E cuts along ̅ -Γ ̅ -̅ [ Fig. S1(b) ].
First we examine our data taken at h = 20 eV, similar to the energy of the He-I line. It is clear in the ARPES data that a parabolic and an anti-parabolic bands come close to each other at the surface zone center Γ ̅ , but leav a sizable energy gap of about 150 meV at Γ ̅ .
This data is consistent with ARPES data found in the literature where it is interpreted as "the magnetic gap of MnBi 2 Te 4 " [S11-S15]. However, when the photon energy is lowered to 8 eV, a sharp, linear band very close to the gapped one appears, consistent with our data in Fig. 2 of the main text. At h = 6.3 eV, this gapless Dirac state is seen to coexist with the parabolic bulk state.
From the dataset in Fig. S1 , it is conclusive that there exist a gapless, Dirac-like electronic state in MnBi 2 Te 4 , together with the gapped, parabolic state which is proved to be of bulk nature [ Fig. 2(b) in the main text]. Fig. S1 (c) presents the ARPES valence bands in a 3D fashion. An important note from Fig. S1(c) is that the Dirac-like band really forms a 2D cone shape tipping at the Dirac point. No additional spectral weight is seen except for the cone. This observation actually rules out the possibility that we observe a gapless edge state which is proposed to appear in AFM TIs, since an edge state is one dimensional and must not be dispersive along one of the in-plane directions [S16] .
C. EDC and MDC Analysis for the gapless Dirac state
To further study the gapless Dirac cone in MnBi 2 Te 4 , we examine the energy distribution curves (EDCs) and momentum distribution curves (MDCs) of the data presented in Fig. 2 
E. • Model Hamiltonian for the surface states
The model Hamiltonian for a single surface of MnBi 2 Te 4 with different magnetic configurations can be written as = 1 + 3 + . The first term 1 is the wellknown surface Rashba term
where is the Pauli matrix for spin degree of freedom. 3 is the cubic-term written as 
